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LV LQVHQVLWLYH WR WKH YDULDWLRQ RI5D\OHLJK DQG5H\QROGV QXPEHU DOVR IRU ORZHU YDOXHV WKH1XVVHOW QXPEHU LV D
GHFUHDVLQJ IXQFWLRQ RI 5L ZKLOH IRU KLJKHU YDOXHV LW LV DQ LQFUHDVLQJ IXQFWLRQ RI LW =KDR DW HO >@ QXPHULFDOO\
LQYHVWLJDWHG WKDW WKHDLU IORZ UDWHRIHQFORVXUHFDQEHSURPRWHGRU LQKLELWHGGHSHQGLQJRQ MHWYHORFLW\HQFORVXUH
ZLGWKDQGYHQWLODWLRQVORWVKHLJKWLQDWKUHHGLPHQVLRQDOHQFORVXUHZLWKYHQWLODWLRQVORWVDWOHIWULJKWDQGWRSZDOOV
1DWXUDO FRQYHFWLRQ KHDW WUDQVIHU LQ D VTXDUH HQFORVXUH ZDV VWXGLHG E\ %LOJHQ DQG %DOND\D >@ ZLWK   DQG 
GLVFUHWHKHDWVRXUFHVDWWKHHQFORVXUHERWWRPDQGWKHQXPHULFDOVWXG\UHYHDOHGWKDWWKHGLVWULEXWLRQRIKHDWHUVLVQRW
DWHTXLGLVWDQFHEXWFORVHUWRHDFKRWKHUQHDWWKHERWWRPRIWKHHQFORVXUHDQGWKH1XVVHOWQXPEHUDQGIOXLGIORZUDWHV
LQFUHDVHVZLWK5D\OHLJKQXPEHUKHDWVRXUFHVL]HDQGTXDQWLW\RIKHDWHUV6DKDDWHO>@QXPHULFDOO\LQYHVWLJDWHGWKH
KHDWWUDQVIHUFKDUDFWHULVWLFVLQD'UHFWDQJXODUHQFORVXUHZLWKDKHDWVRXUFHPRXQWHGDWWKHERWWRPRIHQFORVXUH
7KH\ FRQVLGHUHG 5H\QROGV QXPEHU YDOXHV RI   DQG  DQG UDQJH RI 5LFKDUGVRQ QXPEHU DV  ±  DQG
FRQFOXGHG WKDW5LFKDUGVRQQXPEHU LV WKHJRYHUQLQJSDUDPHWHUDIIHFWLQJ WKHKHDW WUDQVIHU UDWHV)RU5L! WKHUH LV
GRPLQDQFHRIQDWXUDOFRQYHFWLRQZKLOHIRU5LWKHIRUFHGFRQYHFWLRQLVGRPLQDQW7KH1XVVHOWQXPEHULVDVWURQJ
IXQFWLRQRI5LFKDUGVRQQXPEHU LQ WKHIRUFHGFRQYHFWLRQUHJLPHZKLOH LW LVDOPRVW LQGHSHQGHQWRI LW LQ WKHQDWXUDO
FRQYHFWLRQUHJLRQKRZHYHUWKH1XVVHOWQXPEHULVDOZD\VDVWURQJIXQFWLRQRI5H\QROGVQXPEHU+VXDQG:DQJ>@
VWXGLHGQXPHULFDOO\ WKHPL[HGFRQYHFWLRQ LQD UHFWDQJXODUHQFORVXUHZLWKGLVFUHWH KHDW VRXUFHV7KHKHDW VRXUFHV
ZHUHNHSWRQWKHYHUWLFDOERDUGDQGWKHLQOHWDQGRXWOHWDLUIORZRSHQLQJVZHUHNHSWDWOHIWDQGULJKWVLGHZDOOVDQG
WKH DQDO\]HG WKDW WKH 1XVVHOW QXPEHU LV D VWURQJ IXQFWLRQ RI SRVLWLRQ RI KHDW VRXUFHV )X<XQ =KDR HW DO >@
GHYHORSHG DQ DOJRULWKP ZKLFK LV FDSDEOH RI SUHGLFWLQJ WKH KHDW IOX[ YDOXHV IURP WKH WHPSHUDWXUHV PHDVXUHG
H[SHULPHQWDOO\ IRUSUREOHPV LQYROYLQJGLUHFW DQG LQYHUVHPL[HGFRQYHFWLRQ LQ VORWYHQWLODWHG HQFORVXUHV DQG DOVR
UHYHDOHGWKDW IRUWKHODPLQDU UHJLRQRI5HDQGWKH5LFKDUGVRQQXPEHUUDQJHRI ±KHDWWUDQVIHU
FKDUDFWHULVWLFV DUH OHVV DIIHFWHG E\ WKH KHDW IOX[ SURILOHV %DKODRXL DW HO >@ LQYHVWLJDWHG QXPHULFDOO\ WKH FRXSOHG
PL[HGFRQYHFWLRQDQGUDGLDWLRQLQVLGHDSDUWLWLRQHGYHQWLODWHGHQFORVXUHDQGVKRZHGWKDWWKHUHODWLYHKHLJKWRIWKH
SDUWLWLRQFRQWULEXWHVWRLQFUHDVHUDGLDWLYHDQGGHFUHDVHFRQYHFWLYHKHDWWUDQVIHU$OVRWKH5H\QROGVQXPEHUVXSSRUWV
ERWKUDGLDWLYHDQGFRQYHFWLYHKHDWWUDQVIHUV7KH\FRQFOXGHGWKDWE\LQFUHDVLQJERWK5HDQGİDQGGHFUHDVLQJ+ED
GHFUHDVH RI PHDQ DQG PD[LPXP WHPSHUDWXUHV RI WKH IOXLG LV HQVXUHG $MPHUD DQG 0DWKXU >@ SHUIRUPHG DQ
H[SHULPHQWDOVWXG\UHODWHGWRPL[HGFRQYHFWLRQLQPXOWLSOHYHQWLODWHGHQFORVXUHZLWKWKUHHQXPEHURIKHDWVRXUFHVDW
ERWWRPRIUHFWDQJXODUHQFORVXUHDQGREVHUYHGWKDW WKHKHDWHUQHDUHVWWRHQFORVXUHLQOHWKHDWHUVXEMHFWHGORZHVW
VXUIDFH WHPSHUDWXUHV DW DOO5H\QROGV QXPEHUVZKLOH WKH VXUIDFH WHPSHUDWXUHVRI KHDWHU DQG KHDWHU DUH DOPRVW
VDPHXQWLO*UDVKRIQXPEHUDWWDLQVDFULWLFDOYDOXH
7KH DERYH PHQWLRQHG OLWHUDWXUH VXUYH\ UHYHDOV WKDW UHFWDQJXODU DQG VTXDUH HQFORVXUHV KDYH EHHQ
DQDO\]HGZLWKGLVFUHWHKHDWVRXUFHVERWKIRUFOHDUDQGREVWUXFWHGIORZV0DQ\UHVHDUFKHUVFRQVLGHUHGRQHYHQWLODWLRQ
RSHQLQJPDQ\ZHQWZLWKWZRRSHQLQJVDQGVRPHFRQVLGHUHGRQHRUWZRRSHQLQJVZLWKSDUWLWLRQVLQWKHIORZILHOG,W
FDQEHQRWHG WKDW DQ HQFORVXUHZLWK WKUHHRUPRUHQXPEHURI YHQWLODWLRQSRUWV DUH QRW FRQVLGHUHG IRU UHFWDQJXODU
FRQILJXUDWLRQDQGKHQFHDUHVHDUFKJDSLVDOUHDG\XQYHLOHGDQGWKHVDPHKDVEHHQFKRVHQIRUWKHFXUUHQWVWXG\
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WKH SUHVVXUH ILHOG LV H[WUDFWHG E\ VROYLQJ D SUHVVXUH RU SUHVVXUH FRUUHFWLRQ HTXDWLRQ ZKLFK LV REWDLQHG E\
PDQLSXODWLQJFRQWLQXLW\DQGPRPHQWXPHTXDWLRQV7KHJRYHUQLQJ LQWHJUDOHTXDWLRQV IRU WKHFRQVHUYDWLRQRIPDVV
DQGPRPHQWXPDQGIRUHQHUJ\DUHVROYHGE\$QV\V)OXHQW$FRQWUROYROXPHEDVHGWHFKQLTXHLVXVHGDQGVHFRQG
RUGHUXSZLQGVFKHPHLVXWLOL]HGIRUEHWWHUDFFXUDF\7KHVROXWLRQDGDSWLYHPHVKUHILQHPHQWIHDWXUHRI$QV\V)OXHQW
XVHGLQWKHFXUUHQWVWXG\EDVHGRQJHRPHWULFDQGQXPHULFDOVROXWLRQGDWD%\XVLQJWKHIHDWXUHWKHFHOOVZHUHDGGHG
ZKHUH WKH\ DUH QHHGHG LQ WKH PHVK 7KH JUDGLHQW PHWKRG FXUYDWXUH DSSURDFK XVHG IRU VROXWLRQDGDSWLYH PHVK
UHILQHPHQWEDVHGRQJUDGLHQWVRISUHVVXUHYHORFLW\DQG WHPSHUDWXUHDQG WKHFHOOVZHUHPDUNHGEDVHGRQJUDGLHQW
YDOXHRIWKHVHOHFWHGILHOGYDULDEOH
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
&RPELQHGIUHHDQGIRUFHGFRQYHFWLRQKHDWWUDQVIHUVWXG\KDVEHHQH[HFXWHGQXPHULFDOO\IRUWZRGLIIHUHQW
YHQWLODWLRQDUUDQJHPHQWVLQDUHFWDQJXODUHQFORVXUH$QXPEHURIGLIIHUHQWIOXLGIORZFRQGLWLRQVZHUHVWXGLHGIRUWKH
YDOXHVRI5H\QROGVQXPEHUDQGDQG5LFKDUGVRQQXPEHUUDQJH5L7KHVWXG\ILUVWFDUULHGRXW
ZDVWKHVDPHDVGRQHE\6XPRQ6DKDDWHO>@IRUYHQWLODWLRQDUUDQJHPHQWKDYLQJWZRYHQWLODWLRQSRUWVRQHHDFKDW
WKHWRSRIOHIWDQGULJKWVLGHZDOOVRIHQFORVXUHDQGWKHUHVXOWVREWDLQHGKDYHEHHQFRPSDUHGDVVKRZQLQWDEOH
7KHVWXG\FRQWLQXHGIRUWKHUHFWDQJXODUHQFORVXUHZLWK WKUHHYHQWLODWLRQSRUWVRQHHDFKDW WKHWRSRIOHIWDQGULJKW
VLGHZDOOVRIHQFORVXUHDQGFHQWHURIURRI7KHHIIHFWRI5H\QROGVQXPEHUDQG5LFKDUGVRQQXPEHUZDVVWXGLHGRQ
WKHKHDWVRXUFHVXUIDFH1XVVHOWQXPEHU7KHKHDWVRXUFHWHPSHUDWXUHZDVDOVRVWXGLHGZLWK5LFKDUGVRQQXPEHU$
FRUUHODWLRQZDVGHYHORSHG DPRQJ1XVVHOW QXPEHU5LFKDUGVRQQXPEHU DQG5H\QROGV QXPEHU$QDO\VLV RIPL[HG
FRQYHFWLRQ KHDW WUDQVIHU LQ WKLV VWXG\ KDV EHHQ VXSSRUWHG E\ VWUHDPOLQHV DQG WHPSHUDWXUH FRQWRXUV IRU GLIIHUHQW
FRPELQDWLRQVRI5H\QROGVQXPEHUDQG5LFKDUGVRQQXPEHUV$FRPSDULVRQVWXG\KDVDOVREHHQVKRZQEHWZHHQWKH
WZRDQGWKUHHYHQWLODWLRQSRUWVDUUDQJHPHQWVIRUWKHDYHUDJHKHDWVRXUFHWHPSHUDWXUHDQG1XVVHOWQXPEHU)RUWKH
VDNHRIYDOLGDWLRQRIFXUUHQWVWXG\ WKHKHDWVRXUFHDYHUDJH1XVVHOWQXPEHUREWDLQHGKDVEHHQFRPSDUHGZLWK WKH
YDOXHVREWDLQHGE\6DKDDWHO>@7KHUHVXOWVDUHDVVKRZQLQWDEOH±7KHYDOXHVFRPSDUHGDUHIRU5H DQG
WKH5LFKDUGVRQQXPEHUYDOXHVRIDQG
7KHUPDODQGIOXLGIORZIHDWXUHV
)LJ  SUHVHQWV WKH KHDW VRXUFH DYHUDJH VXUIDFH 1XVVHOW QXPEHU YDULDWLRQ ZLWK 5LFKDUGVRQ QXPEHU IRU
GLIIHUHQWYDOXHVRI5H\QROGVQXPEHUV,WLVHYLGHQWIURPWKHILJWKDWWKH1XVVHOWQXPEHULQFUHDVHVZLWKWKHLQFUHDVH
LQ 5LFKDUGVRQ QXPEHU LQLWLDOO\ DQG WKHQ LW EHFRPHV DOPRVW LQGHSHQGHQW RI LW 7KLV YDULDWLRQ LV VHJUHJDWHG LQ
GLVWLQJXLVKHG UHJLRQV IURP WKHYDOXHVRI5L YDU\LQJ IURP WR WKH VKDUS LQFUHDVH LQ1XVVHOW QXPEHUKDVEHHQ
DWWULEXWHGWRWKHHIIHFWRIIRUFHGFRQYHFWLRQIRU5LYDU\LQJIURPWRWKH1XVVHOWQXPEHULQFUHDVHVPRGHUDWHO\DQG
WKLVUHJLRQLVWKHPL[HGFRQYHFWLRQUHJLRQZKLOHIRU5LYDU\LQJKLJKHUWKDQWKHYDOXHRI1XVVHOWQXPEHULVDOPRVW
LQGHSHQGHQW RI 5L DQG WKLV FDQ EH XQGHUVWRRG DV WKH SXUHO\ QDWXUDO FRQYHFWLRQ GRPLQDWHG UHJLPH KRZHYHU WKH
1XVVHOWQXPEHULVDVWURQJIXQFWLRQRI5H\QROGVQXPEHU7KLVZDVDOVRQRWHGE\6DKDDWHO>@
7DEOH±+HDWVRXUFHDYHUDJH1XFRPSDULVRQEHWZHHQFXUUHQWVWXG\DQG6DKDDWHO>@IRU5H 
5L 1XDY 1XDY&XUUHQW6WXG\ 1XDY'LIIHUHQFH
   
   
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
)LJ9DULDWLRQRIDYHUDJHKHDWVRXUFHVXUIDFH1XVVHOWQXPEHUZLWK5LFKDUGVRQQXPEHUIRUGLIIHUHQWYDOXHVRI5H\QROGVQXPEHU
)LJVKRZVWKHKHDWVRXUFHDYHUDJHVXUIDFHWHPSHUDWXUHYDULDWLRQZLWK5LFKDUGVRQQXPEHUIRUGLIIHUHQWYDOXHVRI
5H\QROGV QXPEHU ,W FDQ EH REVHUYHG WKDW ZLWK WKH LQFUHDVH LQ 5LFKDUGVRQ QXPEHU WKH KHDW VRXUFH VXUIDFH
WHPSHUDWXUHLVLQFUHDVLQJ$WORZ5LFKDUGVRQQXPEHUYDOXHVGXHWRWKHGRPLQDQFHRIIRUFHGFRQYHFWLRQDQGLQWHQVH
PL[LQJRIWKHIOXLGWKHVXUIDFHWHPSHUDWXUHLVORZKRZHYHUZLWKWKHLQFUHDVHLQ5LFKDUGVRQQXPEHULQWKHUHJLRQ
RIPL[HG FRQYHFWLRQ WKH LQFUHDVH LQ DYHUDJH VXUIDFH WHPSHUDWXUH LVPRGHUDWH EXW DW KLJKHUYDOXHVRI5LFKDUGVRQ
QXPEHU ZKHUH WKH QDWXUDO FRQYHFWLRQ SKHQRPHQRQ LV GRPLQDQW WKHUH LV D VKDUS LQFUHDVH LQ WKH YDOXH RI VXUIDFH
WHPSHUDWXUH,WFDQEHQRWHGIURPKHUHWKDWDVWKHYDOXHRI5H\QROGVQXPEHULVLQFUHDVLQJWKHQIRUDSDUWLFXODUYDOXH
RI5LFKDUGVRQQXPEHUWKHDYHUDJHKHDWVRXUFHVXUIDFHWHPSHUDWXUHLVGHFUHDVLQJ7KLVLVEHFDXVHRILPSURYHGKHDW
WUDQVIHUGXHWRWKHLQWHQVHPL[LQJRIIOXLGDWKLJKHU5H\QROGVQXPEHU


)LJ9DULDWLRQRIDYHUDJHVXUIDFHWHPSHUDWXUHRIKHDWVRXUFHZLWK5LFKDUGVRQQXPEHUIRUGLIIHUHQWYDOXHVRI5H\QROGVQXPEHU

)LJ  D E DQG F SUHVHQWV WKH FRPSDULVRQ RI 1XDYJ ZLWK 5L IRU WZR DQG WKUHH H[LW SRUWV DUUDQJHPHQWV
6DKDB/DPLQDUDQG//75UHVSHFWLYHO\DQGLWKDVEHHQREVHUYHGWKDWWKHUHLVDVOLJKWLPSURYHPHQWLQ1XDYJXSWRWKH
5LYDOXHRI IRU WKH WKUHHSRUWVDUUDQJHPHQWDQG WKHQ WKH WUHQGVKRZV WKDW1XDYJ LV VDPH IRUERWKDUUDQJHPHQWV
+RZHYHUDPRGHUDWHGHFUHDVHLQ1XDYJDWKLJKHU5LYDOXHVFDQDOVREHVHHQ


D E
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
F
)LJ&RPSDULVRQRIYDULDWLRQRIDYHUDJHKHDWVRXUFHVXUIDFH1XVVHOWQXPEHUZLWK5LFKDUGVRQQXPEHUIRUWZRDQGWKUHHYHQWLODWLRQSRUWV
DUUDQJHPHQWVDWD5H E5H F5H 

)LJDEDQGFVKRZVWKHFRPSDULVRQRI7VDYJ7LQIRUWKHWZRDQGWKUHHYHQWLODWLRQSRUWVDUUDQJHPHQWVDQGLW
KDVEHHQREVHUYHGWKDWWLOOWKH5LYDOXHVRIWKHUHLVDOPRVWQRFKDQJHLQWKH7VDYJZKLOHEH\RQGWKHVH5LYDOXHV
WKHYDOXHRI7VDYJLVKLJKHUIRUWKUHHYHQWLODWLRQSRUWVDUUDQJHPHQWWKDQWKHWZRSRUWVDUUDQJHPHQWV


D E

F

)LJ&RPSDULVRQRIYDULDWLRQRIDYHUDJHVXUIDFHWHPSHUDWXUHRIKHDWVRXUFHZLWK5LFKDUGVRQQXPEHUIRUWZRDQGWKUHHYHQWLODWLRQSRUWV
DUUDQJHPHQWVDWD5H E5H F5H 

&RQFOXVLRQ
3UREOHPRI FRPELQHG IRUFHG DQG IUHH FRQYHFWLRQ LQ D WZR GLPHQVLRQDO UHFWDQJXODU HQFORVXUHZLWK WKUHH
QXPEHU RI YHQWLODWLRQ SRUWV KDV EHHQ DQDO\]HG LQ WKH FXUUHQW VWXG\ 7KH QXPHULFDO UHVXOWV UHYHDO WKDW ZLWK WKH
LQFUHDVHLQ5LFKDUGVRQQXPEHU5LWKH1XVVHOWQXPEHU1XLQFUHDVHVFRQVLGHUDEO\LQWKHIRUFHGFRQYHFWLRQUHJLPH
ZKLOH1X UHPDLQV DOPRVW XQFKDQJHGZLWK5L LQ WKHQDWXUDO FRQYHFWLRQ UHJLRQ KRZHYHU WKH1X UHPDLQV D VWURQJ
IXQFWLRQRI5H\QROGVQXPEHUIRUDOOWKHIORZUHJLPHV7KHDYHUDJHKHDWVRXUFHVXUIDFHWHPSHUDWXUHLQFUHDVHVZLWK
WKHLQFUHDVHLQ5LYDOXHV,WLVQRWDEOHKHUHWKDWWKHDYHUDJHKHDWVRXUFHVXUIDFHWHPSHUDWXUHVUHPDLQVDOPRVWVDPH
IRUWKHWZRDQGWKUHHYHQWLODWLRQSRUWVDUUDQJHPHQWVXQWLOWKH5LYDOXHVRIDQGEH\RQGWKDWWKH7VDYJLQFUHDVHVIRU
WKUHHYHQWLODWLRQSRUWVDUUDQJHPHQW7KHSUHVHQWVWXG\WKHUHIRUHSURSRVHVWKDWLQFUHDVLQJWKHQXPEHURIYHQWLODWLRQ
SRUWVFRPSOLFDWHVWKHIORZVWUXFWXUHLQVLGHWKHHQFORVXUHDQGKHQFHDMXVWLILHGSURYLVLRQRIH[LWRSHQLQJVVKRXOGEH
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SURYLGHG +RZHYHU WKH HIIHFW RI 5H\QROGV QXPEHU UHPDLQV VLPLODU LH ZLWK LQFUHDVH LQ 5H WKHUH LV DOZD\V D
GHFUHDVHLQWKH7VDYJIRUDSDUWLFXODUYDOXHRI5L
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